We show that exceedingly small two-dimensional slugs of Dictyostelium differentiate normally and have an anterior prestalk zone and a posterior prespore zone. Using GFP as a marker attached to the appropriate promoter, prestalk expression is concentrated in the anterior, while prespore expression is produced in the posterior, closely resembling what is found in normal, large slugs. q
Results and discussion
After Dictyostelium amoebae aggregate, they form a migrating slug that behaves as a multicellular individual and is capable of orienting by responding to various environmental cues. Normally in mature slugs two zones appear that re¯ect their ultimate destination and differentiation. At the anterior end roughly 30% of the cells are prestalk, and the remaining posterior portion consists primarily of prespore cells. Recently we found it possible to produce small, two-dimensional slugs, often only one cell thick, that are sandwiched between glass and mineral oil, and right from their inception they show two zones (Bonner, 1998) . These mini slugs are very much smaller than normal slugs ± they range from about 100 to slightly over 1000 amoebae, compared to the normal range of about 10 000 to 2 000 000 (Fig. 1) . They have turned out to be important because it is possible to follow the movement of individual cells. However, previously there was no certainty that the cells in the anterior and posterior regions were normal prestalk and prespore cells, respectively. Here, by using the appropriate promoter-GFP fusions, we are able to con®rm that these minute slugs are normal with respect to their early differentiation.
Normal slugs, when stained with neutral red, show a dark prestalk zone and a more lightly stained prespore zone. The same is true for the small two-dimensional slugs (Fig. 2) .
When the GFP expression constructs were examined they showed the same distribution found in normal slugs (Fig. 3 ). Note that with the labeled ecmA prestalk fusion there are a few stained cells in the posterior portion. This is also true for normal slugs, where there is a sprinkling of`anterior like cells' that show the characteristic prestalk characters (Sternfeld and David, 1982) .
Despite their small size and the fact that they lie in two dimensions, it is clear from these gene expression experiments that these slugs show early signs of differentiation that exactly parallel those found in normal, large slugs crawling on the surface of agar. The signi®cance of these ®ndings is that both cell movement and cell±cell signaling, leading to differentiation in Dictyostelium, can occur in essentially two dimensions and involve very few amoebae.
Methods
The¯at slugs were obtained by the method described previously (Bonner, 1998) . We have not yet found a way to produce these slugs consistently, but we have accumulated and videotaped numerous ones, and in each instance they behave in the same way. In the experiments with the vital dye neutral red, the bacterial food (Escherichia coli B/ r) was stained directly on an agar plate with the neutral red and clumps of these red bacteria were inoculated with the amoebae of D. discoideum NC-4.
Two genetically modi®ed strains of D. discoideum AX2 (kindly provided by C.J. Weijer) had the gene for GFP fused in one case to the promoter of the prestalk speci®c gene ecmA, and in the other case to the promoter of the prespore speci®c psA (review; Williams, 1997) . Fluorescence was observed with a confocal microscope (Bio-Rad MRC600) using the 488-nm line of an argon/krypton laser for excitation and an LP510 emission ®lter (Fey et al., 1995) . Fig. 1 . Comparison of the number of cells in 2D slugs (squares) with normal slugs (circles). The latter come from (Raper, 1941) and (Bonner, 1957) . The number of cells per unit volume has been recalculated on the basis of cell volumes established from counting the cells within capillaries of known ID's. 
